Background: Learning to inject botulinum toxin for cosmetic purposes is difficult for beginners, given the nature of the procedure and patient population. Simulation training is an effective modality for medical professionals to acquire skills in an environment that provides low stress and ample opportunity for questions and correction of mistakes. Objectives: Compare posttraining comfort, knowledge, and practical botulinum toxin injection scores among trainees who underwent simulation vs video training only. Methods: A total of 20 nurse practitioners, physician assistants, and resident physicians underwent cosmetic botulinum toxin injection training either through lecture and video, or lecture and hands-on simulation training. Comfort, knowledge, and practical test scores were recorded and compared between the groups. Results: There was no evidence of a statistically significant difference in comfort or knowledge scores between simulation and video groups. The median (range) practical score was significantly higher in the simulation group compared to the video group (59.0 [31-60] vs 44.5 [27-57]; P < 0.01). Conclusions: Despite feeling similarly comfortable and having similar written knowledge test scores, the trainees who underwent simulation training had significantly higher hands-on practical test scores compared to trainees who underwent video training only for cosmetic botulinum toxin injections.
Resident experiences in performing cosmetic procedures vary widely among programs across the country and have been reported to be inadequate according to national resident surveys and surgical case log evaluations. [1] [2] [3] [4] Higher levels of procedural training correlate positively with resident satisfaction, and trends show that residents prefer active learning activities over passive ones. 5, 6 One such procedure, cosmetic botulinum toxin injection, is difficult for beginning residents to learn for multiple reasons. Patients who seek botulinum toxin for cosmetic purposes are less inclined to allow inexperienced providers to practice on them. Additionally, patients are awake during the procedure, which makes it difficult to provide verbal correction to medical providers for their mistakes without resulting in some degree of patient anxiety and distrust. To overcome this barrier, training programs have provided resident-run cosmetic clinics at a discounted price to incentivize patients' participation; however, these are typically reserved for senior residents and have been reported to provide insufficient quantity of cases. [7] [8] [9] [10] [11] 
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Aesthetic Surgery Journal 38 (12) Simulation training has slowly become more popular in recent years for teaching procedural techniques to beginning learners. It is an effective modality for acquiring procedural skills in a safe environment that provides low stress and ample opportunity for questions and correction of technique. [12] [13] [14] [15] [16] [17] [18] It can also serve as a standardized method to objectively document competency in a skill prior to applying the skill to a live patient. 12, 14 Previous studies have shown that procedures performed by residents can provide high satisfaction without compromising safety; however, simulation training on cosmetic botulinum toxin injection has not been objectively compared to more traditional didactic methods, such as lectures or video demonstrations. [19] [20] [21] [22] In this study, we propose an inexpensive simulation model for botulinum toxin training and compare it to didactic lecture and video training, using posttraining comfort, knowledge, and practical botulinum toxin injection scores.
METHODS

Study Participants
Twenty botulinum toxin trainees were voluntarily enrolled between June 2016 and June 2017, and consisted of nurse practitioners, physician assistants, and dermatology and general surgery resident physicians at Mayo Clinic in Jacksonville, Florida. All trainees either had no experience with botulinum toxin injection or had previously seen injections performed with little practice injecting it themselves.
Study Protocol
This study protocol is shown in Figure 1 . All trainee providers first watched a standardized, video-recorded lecture given by a plastic surgeon, which highlighted important facts regarding cosmetic botulinum toxin injection technique for the glabella, forehead, and lateral canthus, and educated trainees on risks, contraindications, supplies needed, and relevant facial anatomy. Trainees then took a test assessing their subjective comfort level (Appendix A) and objective competence with the procedure. The knowledge test was an open-answer questionnaire asking about facial anatomy recognition, risks, contraindications, and supplies needed for cosmetic botulinum toxin injection. After the first test, trainees (n = 20) were randomly assigned to either the video (n = 10) or simulation training (n = 10) group. Trainees were assigned numbers between 1 and 20 by a simulation center staff member; odd numbered trainees performed the video training, and even numbered trainees performed simulation training. Video training demonstrated a plastic surgeon injecting botulinum toxin into a real patient and provided dialogue, which reemphasized the injection technique. Simulation training involved hands-on practice injecting saline into a silicone model face ( Figure 2 ) with 1-on-1 coaching from a plastic surgeon.
After the assigned training, all trainees were assessed again on comfort and knowledge and given a practical test. The practical test required each trainee to inject saline into a silicone model face ( Figure 2 ) based on the correct cosmetic botulinum toxin injection technique taught in the previous lecture and video or simulation training. The practical test was filmed and scored at a later time by a blinded plastic surgeon based on correct injection site, injection amount, and injection depth. It should be noted that the same plastic surgeon gave the video-recorded lecture and the video training demonstration, coached all trainees during the simulation portion of the training, and scored all practical tests (G.P.).
Statistical Analysis
Data were descriptively summarized using number (percent) for categorical variables and median (range) for Figure 1 . Protocol schematic. All 20 trainees first listened to a standardized, video-recorded lecture, then took a test assessing their subjective comfort level and objective competency with botulinum toxin injection. After the first test, trainees were assigned to either video training (n = 10) or simulation training (n = 10). After the assigned training, trainees were assessed again on comfort and knowledge in addition to a practical test. numeric variables. Owing to small sample sizes, each trainee's pre-and posttraining comfort and knowledge scores were displayed graphically with separate plots for the video and simulation groups (Figure 3 ). Wilcoxon rank sum tests were used to compare posttraining scores between the 2 groups. Multivariable analysis was not performed, owing to small sample sizes.
RESULTS
Pre-and posttraining scores are summarized in the Table 1 . Despite random allocation, the video group had twice as many resident physicians as the simulation group (6 [60%] vs 3 [30%]). The video group also had twice as many trainees without any prior botulinum toxin experience compared to the simulation group (8 vs 4). The median pretraining comfort score was 12 (range, 0-44) in the simulation group and 25 (range, 6-39) in the video group. The median pretraining knowledge score was 14.0 (range, [11] [12] [13] [14] [15] [16] [17] in the simulation group and 15.5 (range, [13] [14] [15] [16] [17] [18] [19] in the video group.
There were no statistically significant differences in the posttraining comfort and knowledge scores, neither the raw scores nor change from pretraining, between the 2 groups (all P ≥ 0.38) ( Table 1 ). Figure 3 displays the comfort and knowledge scores before and after the trainees' assigned training (simulation or video). In each group, all but 1 trainee improved in the total comfort score ( Figure 3A) .
The posttraining practical score was significantly higher in the simulation group compared to the video group (59.0 [31-60] vs 44.5 ; P < 0.01) ( Table 1) . We did not adjust for prior botulinum toxin experience or training due to small sample sizes. In the video group, there were 8 trainees without prior botulinum toxin experience, and the median practical score was 41.5 (range, 27-51). The 2 trainees in the video group with prior botulinum toxin experience had scores of 53 and 57. In the simulation group, there were 4 (40.0%) trainees without prior botulinum toxin experience, and the median practical score for those 4 was 59.5 (range, 31-60). Among the 6 (60.0%) trainees in the simulation group with prior botulinum toxin experience, the median practical score was 58 (range, 47-60).
DISCUSSION
Procedural medicine can be approached conceptually like a sport; merely observing others is insufficient for mastery of skills. Through deliberate practice, involving consistent correction of technique and repetition, mastery is obtained. 23, 24 Traditionally, trainees achieved this result by practicing on live patients in aesthetic chief resident clinics; however, these experiences vary greatly in their structure, and inconsistencies may lead to mistakes with unacceptable consequences. 20 For this reason, comfort level in performing facial aesthetic procedures remains low among plastic surgery residents. [25] [26] [27] Through simulation, trainees can be coached early in their development to establish a sound foundation of procedural skills, and mistakes can be corrected with no substantial consequences. Theoretically, the trainee can transfer these skills to the bedside, already having practiced the procedure hundreds of times and corrected fundamental technical flaws. Additionally, such simulation modules may serve as a grading tool in competency-based milestone evaluations to set performance standards for plastic surgery residents. 28 There is a dearth of literature that directly compares the learning value of different modalities of procedural training. Recently, David et al found that plastic surgery residents who participated in an 8-week multimedia-based aesthetic curriculum reported increased confidence levels in performing aesthetic procedures and a strong desire to incorporate these learning modules into residency curriculum. 29 However, they did not objectively evaluate the correlation of confidence levels with a higher degree of performance of aesthetic procedures. Furthermore, they did not compare multimedia-based training to other modalities of training.
The first portion of our study tested trainees using a subjective comfort test (Appendix A) and objective knowledge test. There was no significant difference between median final comfort (P = 0.38) and knowledge scores (P = 0.97) or median improvement in comfort (P = 0.97) and knowledge scores (P = 0.50) between the video and simulation groups (Table 1 ). This suggests 1 of 2 possibilities: (1) both teaching methods had equivalent didactic value; or (2) performance on these tests is actually a reflection of the teaching value of the preceding lecture, rather than the video or simulation training portion. In the final portion of our study, we found those who underwent simulation training had significantly higher practical test scores than those who underwent video training (P < 0.01). This result seems intuitive-those who practice a technique are more likely to perform the technique correctly.
Limitations of our study include small sample size and method of randomization, which led to disparities in the composition of these groups. A method of randomization that controlled for previous botulinum toxin experience and specialty of training could minimize these confounding factors. Despite these differences, it is striking how the simulation group performed much better than the video group. The simulation group had twice as many trainees (8) with prior botulinum toxin experience compared to the video group (4), which affords these trainees an advantage. However, the mean average amount of previous experience in the simulation group was 10 months, compared to 18 months in the video group. Additionally, the simulation group was composed of half as many resident physicians (3) compared to the video group (6) . Generally, dermatology and plastic surgery residents typically feel quite comfortable with injections and acquire these skills quickly given that it is an integral component of their training. Unfortunately, the level of comfort for general surgery residents, NPs, and PAs may be more variable. Owing to the small sample sizes, the possibility of a type II error should be considered for the comfort and knowledge scores, and multivariable analysis accounting for potentially confounding variables was not performed. A larger study including only inexperienced injectors that mitigates these differences is needed to confirm our findings. Furthermore, the simulation group who was allowed to practice on the silicone model face may have been given an unfair advantage, since the practical test was performed using the same silicone model face. Performing the practical test on a live volunteer subject would have minimized this theoretical advantage.
We operated under the assumption that trainees who are more skillful in injecting botulinum toxin in a simulated environment are more likely to do it correctly on a live patient. This may not be true for all trainees, and this study did not evaluate whether or not practical scores translate to greater accuracy or efficacy of botulinum toxin injection in live patients. Since the procedure was not performed on live patients, onset and duration of responsetwo key measures of botulinum toxin efficacy-were not evaluated. Additional inherent limitations to using a model silicone face include patient-related factors such as the degree of immobilization requested by the patient, patient satisfaction, the sex and age of the patient, and anatomic variation such as muscle mass, which influences the duration of response. 9, 30 For this reason, a simulation model cannot replace live patient injections, but can serve as a supplement to the traditional didactic model. 29 
CONCLUSION
Despite feeling similarly comfortable and having similar written knowledge test scores, the trainees who underwent simulation training had significantly higher hands-on practical test scores compared to trainees who underwent video training for cosmetic botulinum toxin injections. This study provides a unique simulation model and demonstrates the utility of this simulation model for teaching cosmetic facial injection and adds to the ever-growing bank of evidence supporting the use of simulation training. Simulation training for botulinum toxin injections does not replace the gold standard, injection of live patients; however, it is a tool that can effectively expedite the transition from the classroom to the bedside for residents early in their training.
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